Mechanistic investigation of medium-chain fatty acyl-CoA dehydrogenase utilizing 3-indolepropionyl/acryloyl-CoA as chromophoric substrate analogues.
The CoA derivative 3-indolepropionyl-CoA (IPCoA) serves as a competent pseudosubstrate for the medium-chain fatty acyl-CoA dehydrogenase (MCAD)-catalyzed reaction. The reaction product trans-3-indoleacryloyl-CoA (IACoA) exhibits a characteristic UV-vis absorption spectrum with lambda max = 367 nm and epsilon 367 = 26,500 M-1 cm-1. The chromophoric nature of IACoA allows us to measure the direct conversion of substrate to product (at 367 nm) without recourse to absorption signals for either the enzyme-bound flavin or the coupling electron acceptors, as well as probe the enzyme site environment. The interaction of IACoA with medium chain fatty acyl-CoA dehydrogenase (MCAD)-FAD is characterized by resultant (spectra of the mixture minus the individual components) absorption peaks at 490, 417, and 355 nm. These absorption peaks increase in magnitude as the pH of the buffer media decreases. Transient kinetic analysis for the interaction of MCAD-FAD with IACoA suggests that the formation of the enzyme-IACoA complex proceeds in two steps. The first (fast) step involves the formation of an E-IACoA collision complex, which [formula: see text] is isomerized (concomitant with changes in the protein structure) to an E*-IACoA complex in the second (slow) step. We have studied the effect of pH on Kc, k2, and k-2. While Kc shows practically no dependence on pH (within a 2-fold variation between pH 6.0 and 9.5), k2 and k-2 show a strong dependence on pH. Both k2 and k-2 exhibit a sigmoidal dependence on the pH of the buffer media, with pKa's of 7.53 and 8.30, respectively. In accordance with the model presented herein, the pKa of 7.53 represents an enzyme site group which is involved in the interaction with IACoA within the E-IACoA collision complex. This pKa is perturbed to 8.30 upon isomerization of the collision complex. The pH-dependent changes in k2 and k-2 are such that the equilibrium distribution between E-IACoA and E*-IACoA is favored to the latter complex (by about 20-fold) at lower pH than at higher pH. A cumulative account of the spectral, kinetic, and thermodynamic properties of the enzyme-IACoA complexes has allowed us delineate the microscopic pathway by which the E-IACoA isomerization (presumably via protein conformational changes) is coupled to the proton equilibration steps.